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This invention relates fo polymeric materials, 
and more particuiarly fo phosphorous-contain- 
ing polymers. 
This invention has as an object a new type 
oï phosphorous-containing polymer. A further 5 
object is the production oÏ polymers of this kind 
which are alpha - hydroxy - alkanephosphonic 
acids and esters of these acids. Further objects 
reside in methods for obtaining these polymers. 
The polyïneric alpha - hydroxyalkanephos- ] 0 
phonic acids with which the present invention 
is concerned are prepared Dy reacting polyke- 
tones, i. e., polymers containing a plurality oï 
recurring units in which a carbonyl group is pres- 
ent, and in which the carbonyl carbons are units 15 
of the polymer chain with phosphorus trichlo- 
ride and glacial acetic acid or acetic anhydride 
followed by acidic hydrolysis. These polymers 
contain 3 or more chain carbons in the repeat- 
ing unit, the maximum number depending upou 20 
the molar ratio oï combined monoolefm units to 
carbonyl groups. The esters oZ these polymeric 
alpha-hydoxya!kanephosphonic acid.s may be 
prepared fr0m the acids themselves or more 
readily by reacting the polyketones directly with 5 
the diester of a halophosphoric acid, e. g., diethyl 
chlorophosphate« 
The polyketohes which are used in the present 
invention and from which the polymeric alpha- 
hydroxyalkanephosphonic acids and their esters 30 
are m0st advantageously obtained, are the poly- 
ketones resulting from the copotymerization of 
monoolens and carbon monoxide. 
In one method for preparing the polymeric 
alpha-hydroxyalkanephosphonic acids of this in- 35 
vention, the polymeric ketone is dissolved in 
glacial acetic acid and a reactive proportion of 
phosphorous trichloride is added. Aïter reac- 
tion is complete the reaction mixture is acid hy- 
drolyzed and the product isolated. 40 
The following examples are ïurther illustrative 
of the practice of this invention. All quantities 
are given in parts by weight unless otherwise 
designated. 
ExampZe I 45 
A mixture of 35.45 parts of a polyketone con- 
taining ethylene and carbon monoxide in a mole 
ratio of 5.33:1 and of molecular weight 1465, and 
34.7 parts of phosphorus trichloride is prepared 
and allowed fo stand at room temperature for 50 
two hours. It is then added at room tempera- 
ture, with stirring, to 36 parts of glacial acetic 
acid. The viscous solution resulting is stirred 
at room temperature for three hours and then 
heated on a steam bath under a pressure oï 20 5 

2 
mil!imeters oï mercury until all volatile material 
is removed. A ge!atinous residue is obtained to 
which is added 200 parts oï 6N aqueous hydro- 
chloric acid solution. The resulting mixture is 
heated on a steam bath ïor one hour and the 
volatile materials again removed by distillation 
under a pressure of 20 millimeters oï mercury. 
The residue remaining is extracted with 316 
parts oï hot acetone then with 316 parts oÏ hot 
methanol and finally with 350 parts oï hot 
benzene. There is thus obtained 30 parts oï a 
polymeric alpha-hydroxyalkanephosphonic acid 
_rom the parent ethylene/carbon monoxide polY- 
ketone as a brown, granular product. This poly- 
meric alpha-hydroxyphosphonic acid is insoluble 
in acetone, benzene, methanol--hot as well as 
cold soïtens at 145 ° C. and contains 8.1% phos- 
phorus Which corresponds to a conversion oï 
proximately 59% oï the carbonyl groups in the 
parent polyketone to alpha-hydroxyalkanephos- 
phonic acid groups. The polymer is pressed at 
145 ° C. into a smooth film which exhibits con- 
siderable strength coup!ed with brittleness and 
which does not support combustion. 
lrom the combined acetone/benzene extracts, 
there is obtained upon removal oï the volatile 
solvent a soït, tacky, solid which contains 10.4% 
phosphorous by analysis. These results indicate 
this- polymer to be another polymeric alpha-hy- 
droxyalkanephosphonic acid îrom the 5.33:1 eth- 
ylene/carbon monoxidepolyketone. The amount 
oï phosphorus ïound corresponds to a conversion 
.of approximately 2% oï the carbonyl groups in 
the parent polyketone to alpha-hydroxyalkane- 
phosphonic acid groups. 
Example II 
To a solution oï 58 parts oï a polyketone con- 
taining combined ethylene and carbon monoxide 
in the molar ratio. 1.9:1 and oï molecular weight 
2050 in 210 parts of glacial acetic acid is added 
88 parts o£ phosphorus trichloride at room tem- 
perature over a period oï 1.2 hours. The reac- 
tion mixture is stirred af room temperature ïor 
two hours and 200 parts oï aqueous 6N hydro- 
chloric acid added. Upon addition oï the hydro- 
chloric acid solution hydrogen chloride gas is 
evolved and a brown, solid product precipitates. 
The product is co!lected on a filter, washed thor- 
oughly with water and dried. There is thus ob- 
tained 55 parts of a polymeric alpha-hydroxy- 
alkanephosphonic acid from the parent 1.9:1 
ethylene/carbon monoxide polyketone, as a 
brown, granular solid, insoluble in common 
ganic solvents and non-softening at retapera- 
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tures as high as 300 ° C. Analyses indicate that 
this polymer contains 5.9% phosphorus which 
corresponds to a conversion oï approximately 
18% of the carbonyl grou!gs in the parent poly- 
ketone to alpha-hydroxyalkane!ghosphonic acid 
groups. 
.xaml HI 
A solution of 17.2 parts of phosphorus trichlo- 
ride in 26.2 parts of glacial acetic acid is added 
over a period of three hom's to a solution of 25 
parts of a polyketone, containing combined 
propylene and carbon monoxide in a molar ratio 
of 3.3:1 and exhibiting a molecular weight of 438, 
dissolved in 52.5 parts of glacial acetic acid. ihe 15 
reaction mixture is stirred at room temperature 
for two hours and then heated on a steam bath 
for an additional two hours during which rime 
hydrogen chloride gas is evolved. One hundred 
(100) parts of aqueous 6N hydrochloric acid solu- 20 
tion is then added and heating continued for one 
bout. The volatile materials are then removed 
from the reaction mixture by distillation on a 
steam bath under a pressure of 16 millimeters of 
mercury and the residue washed thoroughly with 
water and dried. There is obtained a polymeric 
alpha-hydroxyalkanephosphonic acid from the 
parent 3.3:1 propylene/carbon monoxide poly- 
ketone as a black, viscous liquid. Analyses indi- 
cate this product to contain 2.7% phosphorus 
which corresponds to a conversion of approxi- 
mately 15.6% of the carbonyl groups in the par- 
ent polyketone to alpha-hydroxyalkanephos- 
phordc acid groups. 
Example IV :35 
A solution of 17.2 parts of phosphorus trichlo- 
ride in 26.2 parts of glacial acetic acid is added 
over a period of three hours fo a solution of 27 
parts of an ethylene/2-methylpropene-1/carbon 
monoxide polyketone, of molecular weight 929 
and containing 30.2% combined carbon mon- 
oxide, dissolved in 52.5 parts of glacial acetic 
acid. The reaction is carried out and the product 
isolated as described in Examp!e III. There 
is obtained a polymeric alpha-hydroxyalkane- 
phosphonic acid of the parent ethylene/2- 
methylpropene-1/carbon monoxide polyketone 
as a dark, soit solid. If is slightly soluble-in 
chloroform and acetic acid and does hot soften 
at temperatures as high as 300 ° C. Analyses in- 5(} 
dicate this polymeric product to contain 5.5% 
phosphorus which corresponds to a conversion of 
approximately 19% of the carbonyl groups in 
the parent polyketone to alpha-hydroxyalkane- 
phosphonic acid groups. 55 
Example V 
A solution containing fifty (50) parts of di- 
ethylchlorophosphate, 52.5 parts of glacial acetic 
acid and 10 parts of a solid polyketone contain- 
ing combined ethylene and carbon monoxide in 
a molar ratio of 1.4:1 is stirred af room tempera- 
ture for one hour. The reaction is then carried 
out and the product isolated as described in Ex- 
ample YII. There is thus obtained 10 parts of 65 
a polymeric diethyl alpha-hydroxyalkanephos- 
phonate of the parent ethylene/carbon monoxide 
polyketone as a dark solid. The product is slight- 
ly soluble in benzene and does hot soften at 
temperatures up to 300 ° C. Analyses indicate that 7O 
this product contains 2.0% phosphorus which 
corresponds to a conversion of approximately 
4.8 % of the carbonyl groups in the parent poly- 
ketone to diethyl alphahydroxyalkanephosphon- 
are groups. 75 

The monoolefm/carbon monoxide polymers 
used in the practice of this invention can ob- 
tained by reacting the monoolen with carbon 
monoxide in contact with a peroxy catalyst and 
in the absence of a Friedel-Crafts catalyst ai 
temperatures of from 25 ° C. to 350 ° C. under any 
pressure above atmospheric. Particularly fa- 
vorable reaction conditions include tempera- 
tures of about 50 ° fo 150 ° C. and pressures oî 20 
t9 1500 atmospheres. Methods for the prepara- 
tion of these polymers are more particularly de- 
scribed in application Serial No. 552,374, filed 
September 1, 1944 by M. M. Brubaker, and in ap- 
plication Serial No. 28,365 filed May 21, 1948 by 
P. S. Pinkney, both being now abandoned. The 
ethy!ene/carbon monoxide polymers mentioned in 
the examples can be replaced by any of the poly- 
ketones c, btained by reacting carbon monoxide 
with an olefin of 2 to 4 carbon atoms, e. g., 
ethylene, propylene, 1-butene, 2-butene, 2- 
methylpropene-1 or with a mixture of these oie- 
fins. The monoolefin/carbon monoxide polymer 
used in Example _ was prepared by the following 
procedure: 
In a silver-lined, high-pressure reactor is 
placed 100 cc. of cyclohexane and 3 cc. of di-tert.- 
butylperoxide. The reactor is closed, cooled, 
evacuated and finally pressured to 2,000 lbs./sq. 
in. with a gaseous mixture of 88% ethylene and 
12% carbon monoxide by weight. The contents 
are then heated at 135 ° C. with agitation for 15 
hours while maintaining the infernal pressm'e 
within the reactor as close fo 2,000 lbs./sq, in. as 
possible by intermittent repressuring with the 
ethylene/carbon monoxide gas mixture. At the 
end of this time, the reactor is cooled to room 
temperature, vented to the atmosphere, the con- 
tents transferred to a stfll-pot and the cyclo- 
hexane removed by distillation. Final traces of 
the volatile materials are removed from the 
colorless, beeswax-like residue by heating on a 
steam bath under a pressure of approximately 
10 to 20 mm. of mercury while admitting a small 
stream of nitrogen through a capillary tube. 
From six such runs, there is obtained 345 g. of 
the colorless beeswax-like, ethylene/carbon 
monoxide copolymer which by analysis is round 
to contain ethylene and carbon monoxide in a 
molar ratio of 5.33:1 and to bave a molecular 
weight of 1465. 
These monoolefin/carbon monoxide polymers 
used in the practice of this invention can be de- 
scribed generically by the following type for- 
mula: 
wherein n is any number from 1 to 150 and pref- 
erably from 1.5 to 10 and 1, ' and 1" may be 
hydrogen or lover alkyl radicals of 1 to 2 carbons 
provided further that the total number of car- 
bons, if any contained in 1, ' and 1" taken 
toge'her cannot exceed 2, i. e., is less than 3, 
i. e., ranges from 0 to 2. 
If desirid, minor amounts of other polymeriz- 
able monomers can be included with the mono- 
olefins and carbon monoxide in the polymeriza- 
tion charge necessary for their preparation. 
Examples of such other polymerizable monomers 
are vinyl compounds, e. g., vinyl chloride, vinyl 
acetate, styrene; vinylidene compounds, e. g., 
methylmethacrylate, ethylacrylate, vinylidene 
chloride; vinylene compounds, e. g., dimethyl- 
maleate, maleic anhydrlde, etc. 
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The reaction conditions within which the in- 
vention can be practiced as well as the optimum 
conditions with regard fo temperature, concen- 
tration, duration of reaction, etc., will vary de- 
pending on the particular polyketone being used 
and on the desired degree of conversion of car- 
bonyl groups to alpha-hydroxyalkanephosphonic 
acid groups or the!r esters. In general, tt is 
preferred to carry out the addition reaction at 
temperatures from 0 fo 100 ° C. and preferably 
from 15 to 35 ° C. so as to minimize the undesir- 
able formation of acetyl chloride from the phos- 
phorus trichloride and the glacial acetic acid or 
acetic anhydride and under atmospheric pressure 
employing a reaction cycle of from 2 to 5 hours or 
longer. Itis preferred to carry out the hydrolysis 
at temperatures from room temperature to 
100 ° C. using a reaction cycle of from 15 minutes 
to 2 hours or longer. 
A reaction solvent may or may hOt be used. 
Reaction solvents that can be used include those 
which are non-reactive with the polyketone or 
polyaldehyde, the phosphorus trichloride or 
chlorophosphate ester, the glacial acetic acid or 
acetic anhydride, as well as the end product 
polymeric hydroxyalkanephosphonic acid or 
ester. Such reaction media include ïor instance, 
in addition to exciss glacial acetic acid or acetic 
anhydride, aromatic hydrocarbons, e.. g., benzene; 
substituted aromatic hydrocarbons, e. g., chloro- 
benzene; aliphatic hydrocarbons, e. g., mixed 
hexanes; halogenated aliphatic hydrocarbons, 
e. g., chloroform, carbon tetrachloride, etc. 
For every carbonyl group in the parent mono- 
olefin/carbon monoxide polyketone it is desired 
to convert to an alpha-hydroxymethanephos- 
phonic acid group, itis necessary to use one mole 
proportion of a trihalophosphine, e. g., phos- 
phorus trichloride, and at least one, and prefer- 
ably three or more, mole proportions of acetic 
anhydride or glacial acetic acid. Similarly, for 
each carbonyl group in the parent mono- 

6 
mers It is preferred in making the hydroxy- 
alkanephosphonic acids and esters of this inven- 
tion fo utflize monoolefin/carbon monoxide poly- 
ketones having a monoolefin/carbon monoxide 
 mole ratio of 1.5:1 to 10:1 and a molecular weight 
of from 500 to 5000. 
Variations in the molecular weight and in the 
proportion of carbonyl groups in the polyketones 
used fo prepare the products of this invention 
]0 lead to the production of an entire famfly of 
polymeric hydroxyalkanephosphonic acids and 
esters. Further, since it is possible through 
variations in the concentration, rime, tempera- 
ture and the other reaction variables to react 
15 from 1% or less to essentially all the carbonyl 
groups in the polyketone being used, this family 
of polymeric hydroxyalkanephosphonic acids and 
esters of this invention can vary markedly in 
molecular weight, proportion of combined car- 
20 bonyl groups and proportion of hydroxyalkane- 
phosphonic acid or ester groups. Itis necessary 
that at least 1%, and preferably 4%, of the car- 
bonyl groups of the parent polyketones be con- 
verted to hydroxyphosphonic acid or ester groups 
25 for the products fo differ suflciently from the 
initial polyketones to possess the desired proper« 
ries. 
The esters of the present polymeric alpha-hy- 
droxyalkanephosphonic acids, as mentioned pre- 
30 viously, may be prepared from the polymeric 
a!pha-hydroxyalkanephosphonic acids involved. 
However, a more convenient method for prepar- 
ing these polymeric alpha-hydroxyalkanephos- 
phonic acid esters is that illustrated in Example 
35 V by the reaction of the polyketone involved with 
the desired diester of a halophosphoric acid, e. g., 
dipropylbromophosphate. 
Although the higher and substituted esters of 
these polymeric alpha-hydroxyaLkanephosphonic 
..  acids can be prepared by these methods, due to 
the greater availabflity of the intermediate halo- 
phosphate esters, the preferred esters are the di- 

olefin/carbon monoxide polyketone it is desired 
to convert to an alpha-hydroxymethanephos- 
phonic acid ester group, itis necessary to use one 
mole proportion of the "requisite halophosphate 
ester and at least one, and preferably three or 
more, mole proportions of acetic anhydride or 
glacial acetic acid. 
Simfir products can be prepared from poly- 
reCic polyaldehydes, wherein the aldehyde 
/"groups are extralinear chain substituents, e. g., 
hydrolyzed ethylene/allylidene diacetate copoly- 
mers, by reacting the polyaldehyde with the saine 
proportions of phosphorus trichloride or a halo- 
phosphate ester and glacial acetic acid or acetic 
anhydride. These phosphorous-containing prod- 
ucts are characterized by having a plurality of 
extralinear alpha - hydroxymethanephosphonic 
acid or phosphonic acid ester groups. 
The properties of the polyketones useable in 
the process of this invention can vary widely 
depending on the molecular weight or the pro- 
portion of the carbonyl groups in the chain or 
both. These factors can be easfly varied by 
varying the monoolefin/carbon monoxide mole 
ratio and the polymerization conditions used in 
their preparation. The moloolefin/carbon mon- 
oxide polyketones that can be utilized in prepar- 
ing the hydroxyalkanephosphonic acids and 
esters of this invention possess a monoolefin/car- 
bon monoxide mole ratio of from 1:1 to 150:1 
and have a molecular weight of from .50 fo the 
maximum molecular weight, which is above 
10,000 at which itis possible to obtain these pol- 

hydrocarbon esters of the polymeric alpha-hy- 
droxyalkanephosphonic acids. Of these esters 
those in which the hydrocarbon ester groups con- 
5 tain no more than seven carbons each are par- 
ticularly preferred. Specific examples of the di- 
esters of halophosphoric acids that may be used 
in preparing the corresponding polymiric alpha- 
hydroxyalkanephosphonic acid esters of this in- 
50 vention include: dimethyl chlorothiophosphate, 
diethylchlorophosphate, diisopropyl chlorophos- 
phate, dibutyl chlorophosphate, diphenyl chloro- 
thiophosphate, dibenzyl chlorophosphate, di- 
(beta-chloroethyl) chlorophosphate, diphenyl 
55 fluorophosphate, dimethyl fiuorophosphate. 
The new polymeric alpha-hydroxyalkanephos- 
phonic acids and their esters of this invention 
can be conveniently represented by the fol!ow- 
ing generic formula: 
60 
LL\  ]o o=o JoL\ 
@5 wherein 1% l  and l  are roe or Iower 
rdicls oï 1 to  orbons 
i. e., rnes ïro 0 o ; 
orbon, oï no ore thon een orbons 
oï ïrom 1 to 150 n reerbl ïro 
5 can vary in molecular weight from 250 to 10,000 
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or highe9 and preferably from 500 fo 5,000 or 
higher. In the products of the illustrative ex- 
amples, the groups having the subscript n in the 
above formula are (--CH2CH.,--) in Examples I, 
II and V 
in Example III and variously (--CH2CH2--) and 
( cII3 \ 
in Example IV; the OR S groups 
in Examples I, II, IïI and IV are H groups 
and in Example V are --OC2H5 groups. 
The new, poleric hydroxyphosphoc acids 
and their esters of this invention when prepared 
from polyketones of molecular weight from 1000 
to 10,000 or higher and preferably 1000 to 5000 
are film and fiber forming. They may be con- 
verted to films and firs, for instance by melt 
pressing and melt spinng procedures. Such 
films and fibers exhibit coiderable strength 
and do hot support combustion making thèm use- 
ful in fields demanng good heat and fiame re- 
sistance such as for instance, eaust gaskets 
and the like. 
The new, polymeric hydrophosphonic acids 
and their esters of this invention when prepared 
from polyketones of molecular weight from 250 
to 1000 and preferably from 300 to 600, vary 
from mobile liqds to low melting solids and are 
in the main viscous liquids capable of incorpora- 
tion with a wide variety of commercially avail- 
able plastics. en incorporated with said plas- 
tics the resultant compositions are plasticized 
and at the saine time ruade more fiame resistant. 
The new, polymeric alpha-hydroxyaanephos- 
phonic acids and their esters described herein 
that possess suitable solubility characteristics, 
i. e., solubility in neutral to ldly aaline aque- 
ous solutions, can be used as tanng agents. 
As many apparently widely different embodi- 
ments of this invention may be marie without de- 
parting from the spirit and scope thereof, it is to 
be understood that this invention is not ted  
e specific embodiments thereof except as de- 
fined in the appended claires. 
I claire: 
1. A process for makg lymers which com- 
prises reacting at a temr.ate of from 0  C.  
200  C. a two  four carbon monoole/carbon 
monoxide polymer with a comd from the 
group consisting of phosphorus trichloride and 
dihydrocarbon halophospha esrs, and a sec- 
ond comd from the group coisting of gla- 
cial acetic acid and acetic aydride, acid hy- 
droling the product obtained and olating the 
resulting polymer, said monoolefin/carbon mon- 
oxide polymer havg a molecar weight of at 
least 250 and a monoolefin/carbon monoxide mole 
ratio of from 1:1  150:1. 
2. A process for making lymers which com- 
pses reacting af .a mperature of from 0  C.  
100  C. a two to four carbon monoole/carbon 
monoxide polymer with phosphorus trichloride 
and a substance selecd from the group coist- 
ing of glacial acefic acid and acefic aride, 
acid hydrolyzing the product obtained, and o- 
lating the resgng lymer, said monoolefln/car- 

bon monoxide polymer having a molectflar weight 
of at least 250 and a monoolefln/carbon monox- 
ide mole ratio of from 1:1 to 150:1. 
3. A process for making polymers which coin- 
5 prises reacting af a temperature of from 0 ° C. to 
100 ° C. a two fo four carbon monoolefin/carbon 
monoxide polymer with a dihydrooarbon halo- 
phosphate ester and a substance selected from 
the group consisting of glacial acetic acid and 
l0 acetic an-hydride, acid hydrolyzing the product 
obtained, and isolating the resulting polymer. 
said monoolefin/carbon monoxide polymer hav- 
ing a molecular weight of at least 250 and a mono- 
olefln/carbon monoxide mole ratio of from 1:1 
15 to 150:1. 
4. Polymeric material consisting of a two fo 
four carbon monoolefin/carbon monoxide poly- 
mer having a molecular weight of at least 250 and 
containing the monoolefin and carbon monoxide 
20 in a mole ratio of 1:1 to 150:1, and in which at 
least 1% of the carbonyl groups of said polymer 
are converted to groups from the class consisting 
of alpha-hydroxymethanephosphonic acid groups 
and alpha-hydroxymethanephosphonic acid ester 
25 groups. 
5. Polymeric material as set forth in claire 4 
wherein said monoolefin component of said poly- 
mer is ethylene. 
6. Polymeric material consisting of a two to 
30 four carbon monoolefin/carbon monoxide poly- 
mer having a molecular weight of 500 to 5000 
and containing the monoolefin and carbon mon- 
oxide in a mole ratio of 1.5:1 to 10:1, .and in which 
af least 4% of the carbonyl groups of said poly- 
35 mer are converted to groups from the class con- 
sisting of alpha-hydroxymethanephosphonic acid 
groups and alpha-hydroxymethanephosphonic 
acid ester groups. J 
 Polymerlc material as set forth in claire 6 
4O wherein said monoolefin component of said poly- 
mer is ethylene. 
8. Polymeric material consisting of a two to 
four carbon monoolefin/carbon monoxide po]y- 
mer having a molecular weight of at least 250 and 
containing the monoolefin and carbon monoxide 
45 in a mole ratio of 1:1 to 150:1, and in which at 
least 1% of the carbonyl groups of said polymer 
are converted to alpha-hydroxymethanephos- 
phonic .acid dihydrocarbon ester groups, said hy- 
drocarbon ester portion of said groups each con- 
50 taining from 1 to 7 carbon atoms, inclusive. 
9. Polymeric material consisting of a two to 
four carbon monoolefin/carbon monooxide poly- 
mer h.aving a molecular weight of 500 to 5000 and 
containing the monoolefin and carbon monoxide 
55 in a mole ratio of 1.5:1 to 10:1, wherein at least 
4% of the carbonyl groups of said polymer are 
converted to alpha-hydroxymethanephosphonic 
acid dihydrocarbon ester groups, said hydrocar- 
bon ester portion of said groups each containing 
60 from 1 to 7 carbon atoms, inclusive. 
IOBEIT W. UPSON. 

REFERENCES CITED 
65 The following references are of record in the 
file of this patent: 
UNITED STATES PATENTS 
Number Naine Date 
70 2,491,920 Erusberger ........ Dec. 20, 1949 
2,495,108 Kosolapoff ......... Jan. 17, 1950 



